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Description 

[0001] The invention relates to a vacuum cleaner, par- 
ticularly but not exclusively to a dual cyclonic vacuum 
cleaner. 

[0002] A dual cyclonic vacuum cleaner comprises a 
dirty air inlet communicating with a clean air outlet by 
means of an airflow path, two cyclones being sequen- 
tially arranged in the airflow path. In use, air flowing 
along the airflow path from the dirty air inlet to the clean 
air outlet passes through a first of the two cyclones and 
subsequently through a second of the two cyclones. The 
first cyclone is a "low efficiency" cyclone designed to re- 
move relatively large particles from the airflow, whilst the 
second, "high efficiency" cyclone is designed to remove 
fine dust particles from the airflow. A vacuum cleaner 
having these features expels air which is dirt- and dust- 
free to a higher degree than other known vacuum clean- 
ers. Examples of such vacuum cleaners are known from 
published European application No. 0489565 and Eu- 
ropean patents Nos. 0042723 and 0134654. 
[0003] Another advantage of the dual cyclonic vacu- 
um cleaner is that the dirt-collecting chambers are highly 
unlikely to become blocked because of the size and ri- 
gidity of the chambers. However, it is inevitable that the 
dirty air inlet, either in the form of a cleaner head or a 
tool attached to a hose or wand, can become blocked 
to a greater or lesser extent Naturally, this reduces the 
airflow along the airflow path. A single cyclonic vacuum 
cleaner operates in the same manner but utilises only 
one cyclone which can become inefficient if the airflow 
rate though the cyclone is reduced. 
[0004] Vacuum cleaner airflow rates are measured at 
various orifice sizes. The flow rates start at an effective 
orifice size of 50mm diameter and are reduced to zero 
at zero diameter. Any flow rate in any given machine 
therefore has an equivalent "effective orifice" size. In 
practice, a vacuum cleaner being used through a hose 
or wand typically has an effective orifice size of 32mm 
diameter if it is fully open. A vacuum cleaner operating 
on a carpet through a cleaner head has an effective or- 
ifice of about 19mm diameter. A crevice tool being used 
on the end of a wand handle may have an effective or- 
ifice of about 15mm diameter. Thus it can been seen 
that, in its normal range of use, a vacuum cleaner has 
to deal with airflows equivalent to those obtained 
through orifices of from 15mm to 32mm diameter. 
[0005] At all of these flow rates achieved in normal 
use, the second cyclone of a dual cyclonic vacuum 
cleaner maintains a good level of fine dust separation. 
However, it has been found that the separation efficien- 
cy of the second cyclone is reduced if the airflow rate 
through the second cyclone is reduced to below that of 
an effective orifice size of 13mm. This can be caused 
by a number of things; for example, a blockage occur- 
ring at any point along the airflow path, or by the user 
putting a hand or other object over the air inlet. Further- 
more, the efficiency of the second cyclone is reduced if 



the flow is interrupted in a pulsing manner or if the suc- 
tion through the cleaner head causes the cleaner head 
to seal itself partially or completely against the surface 
to be cleaned. A similar problem arises when the airflow 
5 through the cyclone of a single cyclonic vacuum cleaner 
is reduced. 

[0006] Depending upon the specific design of the cy- 
clonic vacuum cleaner, the air discharged from a cyclon- 
ic vacuum cleaner may be substantially dust free and 
10 may in fact be cleaner than the air which is emitted from 
a vacuum cleaner which utilises a bag or other filter me- 
dia. However, under certain operating conditions, cy- 
clonic vacuum cleaners may emit larger than desired 
quantities of fine particulate matter. For example, if the 
15 vacuum cleaner picks up a particularly heavy concen- 
tration of fine particulate matter, part of the fine particu- 
late matter may pass through the two cyclones and be 
exhausted from the second cyclone. This may result in 
the deposition in a room of a layer of fine dust particles. 
20 Further, the filtered exhaust air may be passed by the 
motor housing to cool the motor. If the exhaust air oc- 
casionally includes more than desired quantities of fine 
particulate matter, the motor may experience a build up 
of fine particulate matter which could decrease the life 
25 expectancy of the motor. 

[0007] Document DE-A-1 503 601 discloses a cyclon- 
ic vacuum cleaner having valves for admitting additional 
air directly into the cyclone in the event that an excessive 
amount of entrained material is contained within the in- 
30 coming air. 

[0008] It is therefore an object of the invention to 
maintain a high standard of dust separation in the sec- 
ond cyclone even when the airflow in the vacuum clean- 
er falls to a rate below that of an effective orifice size of 
35 13mm. It is a further object of the present invention to 
provide a cyclonic vacuum cleaner which maintains 
good separation standards at all airflow rates through 
the dirty air inlet. 

[0009] The invention provides a vacuum cleaner ac- 
40 cording to claim 1 . The bleed valve operates so as to 
maintain the airflow rate in the cyclone and thus retain 
efficient dust separation therein. 
[0010] Advantageously, the at least one bleed valve 
is arranged in the wall of the air flow path upstream of 
45 the cyclone. 

[001 1] Preferably, two cyclones are arranged sequen- 
tially in the airflow path, the bleed valve or valves being 
arranged between the two cyclones. This arrangement 
means that the efficiency of the second cyclone is main- 
50 tained. 

[001 2] Advantageously, a plurality of bleed valves are 
provided; preferably three. This arrangement allows the 
bled air to be introduced to the airflow in the vacuum 
cleaner in increments so that the airflow from the dirty 
55 air inlet is not substantially reduced in a single step. Any 
reduction that occurs is made in increments with the in- 
cremental introduction of bled air. 
[001 3] It is preferred that all the bleed valves are sub- 
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stantially identical to one another; Le. they have the 
same effective area and are designed to open at the 
same pressure conditions. This gives a satisfactory 
gradual transfer from the state of no bled air being in- 
troduced to the cyclone to the state of all of the air intro- 
duced to the cyclone being bled. It is important that this 
transfer be gradual to allow cleaning to be maintained 
either, through a tool at the end of the wand or through 
the cleaning head, even to the point at which the last 
valve is actuated, which is a very blocked condition. 
[0014] It is preferred that the or each bleed valve is 
designed to open when the pressure in the airflow path 
is that produced by an airflow equivalent to an effective 
orifice of between 10mm and 15mm diameter or less. 
More preferably, the or each bleed valve is designed to. 
open when the pressure in the airflow path is that pro- 
duced by an airflow equivalent to an effective orifice of 
13mm diameter or less. This ensures that an airflow 
equivalent to an effective orifice of 13mm diameter is 
maintained in the cyclone and thus that the separation 
efficiency is maintained. 

[001 5] It is advantageous if the or each bleed valve is 
spring-loaded and if the effective area, or total effective 
area, of the or each bleed valve is between 1 20mm 2 and 
150mm 2 , preferably substantially 132mm 2 , i.e. the area 
of an effective orifice of 13mm diameter. 
[0016] It should be noted that, by maintaining an air- 
flow of at least an effective orifice diameter of 13mm di- 
ameter, an airflow sufficient to cool the motor of the 
cleaner is ensured. This means that the risk of the motor 
overheating is minimised. Furthermore, the mainte- 
nance of the airflow to achieve satisfactory separation 
means that there is no substantial risk of damage to the 
motor. 

[0017] In an alternative embodiment, the vacuum 
cleaner may also include adjustment means for varying 
the size of a single bleed valve for controlling the flow 
of bled air into the second cyclone, so that an increased 
flow of bled air can be admitted when the vacuum claner 
is used, for example, to vacuum a large concentration 
of fine particulates. The adjustment means may advan- 
tageously comprise a movably mounted door. The door 
may be moveable between a first position in which it re- 
stricts the flow of bled air through the bleed valve and a 
second position in which the door restricts the flow of 
bled air through the bleed valve to a lesser extent than 
when the door is in the first position. Means mounting 
the door for a decrease in pressure in the cyclone to 
move the door from the said first position towards the 
second position may also be provided. Furthermore, 
means biasing the door into the first position, whereby 
the door will move towards the second position as the 
pressure in the cyclone decreases thereby admitting an 
increased flow of bled air into the cyclone may also be 
provided. 

[0018] In a further alternative embodiment, the vacu- 
um cleaner may include sensing means coupled to the 
outlet for sensing the amount of particulates in the ex- 



hausted air and for producing an output indicative there- 
of. The vacuum cleaner may also have control means 
coupled between the sensing means and the door, the 
control means being responsive to the output signal for 

5 operating the door to permit an increased flow of bled 
air into the cyclone when an increased amount of par- 
ticulates is detected in the exhaust. 
[0019] In accordance with this invention, a method ac- 
cording to claim 17 is also provided. 

10 [0020] It has been found that the provision of bled air 
to the second cyclone reduces the particulate emission 
in the exhaust from the second cyclone. Without being 
limited by theory, it is believed that the bled air probably 
reduces the disturbance to the cyclone action caused 

15 by heavy concentrations of fine particulates, or by dis- 
turbing pulsations which occur when sealed or partially 
sealed suction begins and ends, or other disturbances. 
Accordingly, even when the vacuum daner is used to 
vacuum a large concentration of particulates, or engag- 

20 es the surface to be cleaned, causing a partial or fully 
sealed suction condition, the particulate emission from 
the vacuum cleaner may be greatly reduced. 
[0021] An embodiment of the invention will now be de- 
scribed with reference to the accompanying drawings, 

25 wherein: 

Figure 1a is a side view of a first embodiment of a 
dual cyclonic vacuum cleaner incorporating the in- 
vention in a first position; 

30 Figure 1b is a side view of the cleaner of Figure 1a 
shown in an alternative position; 
Figure 2 is a perspective view of the upper portion 
of the cyclone assembly forming part of the cleaner 
shown in Figures 1a and 1b; 

35 Figure 3 is an enlarged sectional view through a 
bleed valve forming part of the invention; 
Figure 4 is a perspective view of the housing of a 
second embodiment of a dual cyclonic vacuum 
cleaner incorporating the invention; 

40 Figure 5 is a cross sectional view through a third 
embodiment; and 

Figure 6 is a schematic diagram relating to a fourth 
embodiment. 

45 [0022] A typical dual cyclonic vacuum cleaner is 
shown in Figure 1a in its non-operational position. The 
vacuum cleaner comprises a main body 10 incorporat- 
ing a cleaning head 12 and a handle 14 which can be 
released for use in the manner of a wand. Various tools 

50 and attachments for the wand may be provided but are 
not shown. The means by which the handle 14 is re- 
leased and the means by which the airflow is directed 
from either the handle 14 or the cleaning head 12 do not 
form part of the present invention and are described in 

55 other patents and applications. They will not be de- 
scribed further here. 

[0023] The main body 10 incorporates a first cyclone 
16 and a second cyclone 18. The first cyclone is a "low 
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efficiency" cyclone designed to remove relatively large 
particles from the air flowing therethrough. The second 
cyclone 1 8 is designed as a "high efficiency" cyclone for 
removing fine dust particles from the airflow. In use, 
when the vacuum cleaner is in the position shown in Fig- 
ure 1a, the "cylinder" mode, the dirty air inlet is formed 
by the nozzle in the handle 14 which is removed and 
used in the manner of a wand. The airflow is directed 
from this dirty air inlet to the first, low efficiency cyclone, 
subsequently to the second, high efficiency cyclone and 
then expelled to atmosphere via an exit (not shown). 
Normally, the airflow would be directed past the motor 
to give a cooling effect before being expelled. When the 
cleaner is to be used in the "upright" mode as shown in 
Figure 1b, the dirty air inlet is formed by the cleaning 
head 12 and the airflow is directed from there to the first 
cyclone and then to the clean air exit via the second cy- 
clone. 

[0024] As mentioned in the introduction, it has been 
found that, when a blockage occurs in the dirty air inlet 
1 2, 1 4 to such an extent that the airflow through the sec- 
ond cyclone 18 falls to an effective orifice of 13mm di- 
ameter or less, then the dust separation efficiency of the 
second cyclone decreases. Bleed valves 20 are there- 
fore positioned in the wall of the airflow passage be- 
tween the exit from the first cyclone and the entry to the 
second cyclone. The location of the bleed valves 20 is 
shown in Figure 2. The airflow enters the first cyclone 
16 via the entry port 22 and exits the first cyclone via 
the mesh screen 24. The air passes upward to the entry 
port 26 to the second cyclone 18 and it is immediately 
before this entry port 26 that the bleed valves 20 are 
located. 

[0025] Three bleed valves 20 are located in the wall 
of the airflow path. Each bleed valve 20 is shown in 
greatly enlarged cross-section in Figure 3. Each valve 
20 comprises a valve body 30 to which is attached a 
rubber washer 32 by means of a fixing disk 34. The fixing 
disk 34 passes through an aperture in the rubber washer 
32 and engages with an aperture 36 in the valve body. 
Alternative fixing means can, of course, be used. Acting 
between the airflow passage wall 38 and a flange 40 
located on the valve body 30, is an air bleed valve spring 
42. The spring 42 presses the flange 40 away from the 
airflow passage wall 38 so that the rubber washer 32 is 
maintained in sealing contact with the edges of an ap- 
erture in the airflow passage wall 38. This situation pre- 
vails whilst the pressure inside the airflow passage (t.e 
to the right of the airflow passage wall as viewed in Fig- 
ure 3) combined with the action of the spring 42 is suf- 
ficient to maintain the valve body in the position shown 
in Figure 3. However, if the pressure in the airflow pas- 
sage falls sufficiently, then the pressure acting on the 
valve body outside the airflow passage becomes suffi- 
cient to open the valve 20 by moving the valve body 
against the action of the spring 42 towards the right as 
shown in Figure 3 and thereby opening the valve 20. Air 
from outside the airflow passage (ie. the atmosphere) is 



thus bled into the airflow passage 
[0026] It has been found that the provision of three 
substantially identical bleed valves 20 in the airflow pas- 
sage wall 38 immediately before the second cyclone 18 
5 allows a gradual bleeding of atmospheric air into the air- 
flow passage. When the pressure in the airflow passage 
drops below the threshold pressure, a first bleed valve 
20 opens and the pressure in the airflow passage is 
thereby increased, although it will be appreciated that 
10 the increased pressure will still be less than the ambient 
pressure due to the suction action of the motor. If the 
airflow from the dirty air inlet continues to fall, then a 
second bleed valve will open when the combined pres- 
sure of the airflow from the dirty air inlet and the bled air 
15 from the first open valve reaches the threshold pressure 
of the remaining valves. Again, the combined pressure 
is then increased and the third valve will only be actuat- 
ed when the combined pressure of the airflow from the 
dirty air inlet and the two open valves falls to the thresh- 
20 old pressure thus allowing the third valve to open. In this 
way, an incremental increase in the bled air is achieved. 
This ensures that the cleaning effect at the dirty air inlet 
is maintained even though air is bled into the second 
cyclone. Furthermore, the airflow is maintained in the 
25 second cyclone and the air passing therethrough will be 
efficiently separated from dust particles. The air from the 
second cyclone can also be passed across the motor 
surface to provide a cooling effect 
[0027] It has been found advantageous if each of the 
30 three bleed valves has the same effective area. Ideally, 
the combined effective area of the three valves should 
be equivalent to the area of the effective orifice of the 
airflow at which the bleed valves are to be actuated. 
Thus, if the bleed valves are to be actuated at an airflow 
35 of an effective orifice of 13mm diameter, then the com- 
bined total effective area of the valves should total 
132mm 2 . If, however, the valves are to be actuated at 
an airflow equivalent to an effective orifice of 14mm, 
then the bleed valves should have an effective com- 
40 bined area of 154mm 2 . This effective area should be 
equally divided between the number of bleed valves 
present; if three bleed valves are present then each 
should have an effective area of 51 mm 2 but if four bleed 
valves are present, then each should have an effective 
45 area of 38mm 2 . It should be noted that the effective and 
actual areas of each bleed valve are not the same. The 
actual area of the bleed valve is restricted by the pres- 
ence of the valve body near the valve aperture. Thus 
the effective area of the bleed valve can be considerably 
50 less than the actual area of the aperture. 

[0028] It is within this scope of this invention for any 
number of bleed valves to be positioned in the wall of 
the airflow path immediately before the inlet to the sec- 
ond cyclone. Clearly, the greater the number of bleed 
55 valves present, the smaller, the incremental steps are 
in which the bled air is introduced into the airflow path. 
This provides for an ever increasingly gradual introduc- 
tion of bled air, but also an ever increasing cost and 
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maintenance burden. The preferred number of bleed 
valves is therefore three. Also, the risk of the bleed 
valves themselves becoming blocked by the dirt and fluff 
particles introduced into the vacuum cleaner via the dirty 
air inlet is very small because the air passing the bleed 
valves has already passed through the first cyclone and 
all of the larger particles entrained with the dirty air have 
been removed. 

[0029] As will be appreciated, varying amounts of bled 
air may be required depending upon the particular con- 
ditions in which the vacuum cleaner is being operated. 
For example, if the vacuum cleaner is being operated in 
an area where there is a small concentration of particu- 
lates to be picked up, or on a surface or in an area where 
partial or full sealed suction will not occur, then less bled 
air, or alternatively no bled air, may be required. To this 
end, as shown in Figs. 4, 5 and 6, the vacuum cleaner 
may also include means for varying the the size of the 
bleed valve 76 and, accordingly, to control the volume 
of bled air passing into the second cyclone. 
[0030] In the embodiment shown in Fig. 4, outer cy- 
clone casing 70 is provided with a door 78. Door 78 is 
provided with a handle 80 at one end thereof. Door 78 
is movably mounted on the outer cyclone casing 70 by 
means of a pivot 82 and is moveable between a closed 
position and an open position. Door 78 is sized so that 
when in the closed position, it completely covers bleed 
valve 76 and therefore prevents any bled air from enter- 
ing through the bleed valve 76 into the second cyclone 
18. 

[0031] As shown in Fig. 4, door 78 is in a partially open 
position. During vacuuming, the operator may manually 
adjust the door 78 from a fully closed position to a par- 
tially opened position or from a partially opened position 
to a fully opened position so that an increased flow of 
bleed air can be admitted when the vacuum cleaner is 
used to vacuum a large concentration of fine particu- 
lates. Alternatively, the operator may elect to leave door 
78 in the fully open position for most vacuuming purpos- 
es. 

[0032] The bleed valve 76 may also be provided with 
automatic means for opening door 78 as the pressure 
in second cyclone 18 decreases. Such a decrease in 
pressure could occur when a condition of full or partially 
sealed suction occurs. An example of such an automatic 
means is shown in the alternative preferred embodiment 
which is shown in Fig. 5. Once again, bleed valve 76 is 
provided with a door 78 which, when in the closed po- 
sition, fully covers bleed valve 76 thus preventing the 
entry of bled air into the second cyclone 18 during nor- 
mal vacuuming conditions. Means biasing the door 78 
into the closed position are also provided. Accordingly, 
the door will move towards the open position as the 
pressure in second cyclone 18 decreases thereby ad- 
mitting an increased flow of bled air into the second cy- 
clone as required. 

[0033] As shown in Fig. 5, member 86 having a first 
end 88, a second end 90 and an arm 92 extending be- 



tween first end 88 and seond end 90 may be provided. 
First end 88 is fixedly attached to the inner surface 68 
of outer cyclone casing 70. Second end 90 is fixedly at- 
tached to rear surface 84 of door 78. Arm 92 may be 

5 made from any material which will bias door 78 into the 
closed position which is shown in Fig. 5. For example, 
arm 92 may be made from a resilient material or may 
incorporate spring means, such as a leaf spring. 
[0034] In operation, as the pressure inside second cy- 

10 clone 18 decreases, the vacuum pressure within the air 
flow passage 62 will decrease to such a point that the 
inward force on the door 78 will become greater than 
the outward force on door 78 which is exerted by mem- 
ber 86 thus causing door 78 to deflect inwards away 

15 from the dosed position and thus permitting bled air into 
the second cyclone. As the pressure inside the second 
cyclone increases (whilst remaining below the ambient 
pressure), at one point the vacuum pressure will in- 
crease sufficiently such that the outward force from 

20 member 86 will become greater than the vacuum pres- 
sure thus causing door 78 to move to the closed posi- 
tion. 

[0035] In a further alternative embodiment, door 78 
may be automatically controlled to allow bled air into 

25 second cyclone 18 in response to the amount of partic- 
ulates which are exhausted from the air exit port of the 
second cyclone. As shown in Fig. 6, a sensor 94 may 
be provided on air exit shaft 54. Sensor 94 senses the 
amount of particulates in the exhaust from the second 

30 cyclone. To this end, sensor 94 may be provided with a 
light source 96 (e.g. a light emitting diode) and a detector 
98 which can be a photodiode. As the amount of partic- 
ulates in shaft 54 increases, part of the light originating 
from light source 96 is reflected back by the particulates 

35 and picked up by the photodiode 98. The signal from 
photodiode 98 is processed and amplified to produce 
an output signal 100 which is indicative of the amount 
of particulates in the exhaust from the second cyclone. 
Output signal 100 is transmitted to door actuator 102. 

40 Door actuator 102 may be any suitable means which 
can accept output signal 1 00 and move door 78 a pre- 
determined amount in response to the specific output 
signal 100 which is received. Door actuator 102 may be 
connected to a 100-volt electrical source or to any other 

45 conveniently available power supply. Shaft 104 is pro- 
vided so as to connect the door actuator to door 78. As 
shown in Fig. 6, shaft 104 is connected at one end to 
door actuator 102, and at the other end, to the rear sur- 
face 84 of door 78. 

so [0036] In operation, as the level of particulate emis- 
sions from the second cyclone increases, the level of 
particulates in shaft 54 also increases. This results in 
the increased reflection of light from light source 96 
which is picked up by detector 98 and results in a spe- 

55 cific output signal 100. Output signal 100 is indicative of 
the level of particulates in the exhaust air. This signal is 
transmitted to door actuator 102 which, in response to 
the output signal, causes door 78 to move from a first 
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position in which the door restricts the flow of bled air 
through bleed valve 76 to a second position in which the 
door restricts the flow of bled air through bleed valve 76 
to a lesser extent thus permitting an increased flow of 
bled air into the second cyclone in response to the in- 
creased amount of particulates detected in the exhaust 
air. 

[0037] If a more simplistic system is utilised, then sen- 
sor 94 may produce only one output signal. In response 
to this output signal, door actuator 102 will cause door 
78 to move from the dosed postion to a fully opened po- 
sition when a level of particulate emission, above a pre- 
determined limit, is detected in shaft 54. Alternatively, in 
a more complex system, sensor 94 may provide an out- 
put signal which varies linearly or in a different desired 
relationship with the level of particulates in shaft 54. As 
the level of particulates in shaft 54 increases above a 
predetermined level, a variable output signal is pro- 
duced. In response to the signal, door actuator 102 
causes door 78 to move from the closed position to a 
partially open position or from a partially open position 
to a more fully open position in response to the level of 
particulates in shaft 54. Thus as an increased or de- 
creased amount of particulate emission is detected in 
shaft 54, door 78 may be opened or closed a predeter- 
mined amount to adjust the actual amount of bled air 
entering the second cyclone. 

[0038] The invention can be applied to any type of 
vacuum cleaner including upright, cylinder, tank, back- 
pack and hand-held types. The invention, although de- 
scribed specifically in relation to a dual cyclonic vacuum 
cleaner, is equally applicable to a single cyclonic vacu- 
um cleaner or to a cyclonic vacuum cleaner having more 
than two cyclones as will be apparent to one skilled in 
the art. Where more than one cyclone is used, bleed 
valves can be used to maintain the airflow in any one or 
more of the cyclones as necessary or desired. 



termined level. 

2. A vacuum cleaner as claimed in Claim 1, wherein 
the at least one bleed valve (20) is arranged in the 

5 wall of the airflow path upstream of the cyclone (18). 

3. A vacuum cleaner as claimed in Claim 2, wherein 
two cyclones (16,18) are arranged sequentially in 
the airflow path, the bleed valve or valves (20) being 

10 arranged between the two cyclones (16,18). 

4. A vacuum cleaner as claimed in any one of Claims 
1 to 3, wherein a plurality of bleed valves (20) are 
provided adjacent one another. 

15 

5. A vacuum cleaner as claimed in Claim 4, wherein 
the bleed valves (20) are substantially identical to 
one another. 

20 6. A vacuum cleaner as claimed in Claim 4 or 5, where- 
in three bleed valves (20) are provided adjacent one 
another. 

7. A vacuum cleaner as claimed in any one of the pre- 
25 ceding claims, wherein the or each bleed valve (20) 

is spring loaded. 

8. A vacuum cleaner as claimed in any one of the pre- 
ceding claims, wherein the effective area of the 

30 bleed valve (20), or the total effective area of the 
bleed valves (20), is between 120mm 2 and 
150mm 2 . 

9. A vacuum cleaner as claimed in Claim 8, wherein 
35 the effective area of the bleed valve (20), or the total 

effective area of the bleed valves (20), is substan- 
tially 132mm 2 . 




Claims 40 

1. A vacuum cleaner comprising a dirty air inlet (12,14) 
communicating with a clean air outlet by means of 
an airflow path, a cyclone (18) being arranged in the 
airflow path such that, in use, dust-laden air flowing 45 
along the airflow path from the dirty air inlet (12,14) 
to the clean air outlet passes through the cyclone 
(18), characterised in that at least one bleed valve 
(20) is provided, downstream of the dirty air inlet 
(12,14) and upstream of the cyclone (18), which is 50 
adapted to introduce bled air into the airflow path to 
combine with the dust-laden air and to maintain the 
flow rate of the dust-laden air within the cyclone 
(18), the or each bleed valve (20) being operable 
when, in use, either the pressure of the air flowing 55 
along the airflow path falls to or below a predeter- 
mined level or the amount of particulates in the air 
at or adjacent the clean air outlet exceeds a prede- 



1 0. A vacuum cleaner as claimed in any one of the pre- 
ceding claims, wherein the or each bleed valve (20) 
comprises a door (78) movable between a first po- 
sition in which, in use, the flow of bled air through 
the bleed valve (20) is restricted and a second po- 
sition in which, in use, the flow of bled air through 
the bleed valve (20) is restricted to a lesser extent 
than when the door (78) is in the first position. 

11. A vacuum cleaner as claimed in Claim 10, wherein 
the position of the door (78) is controlled by means 
responsive to the pressure of the air flow in the cy- 
clone (18). 

12. A vacuum cleaner as claimed in Claim 10, wherein 
the position of the door (78) is controlled by means 
(94) responsive to the concentration of particulates 
in the air exhausted from the cyclone (18). 

1 3. A vacuum cleaner as claimed in any one of the pre- 
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ceding claims, wherein the or each bleed valve (20) 
is designed to open when the pressure in the airflow 
path is that produced by an airflow equivalent to an 
effective orifice of between 10mm and 15mm diam- 
eter, or less. 5 

14. A vacuum cleaner as claimed in Claim 13, wherein 
the or each bleed valve (20) is designed to open 
when the pressure in the airflow path is that pro- 
duced by an airflow equivalent to an effective orifice to 
of 13mm diameter, or less. 

1 5. A vacuum cleaner as claimed in any one of Claims 
1 to 12, wherein the amount of particulates in the 

air at or adjacent the clean air outlet is determined *5 
by means of a sensor (94) provided downstream of 
the cyclone (18). 

16. A vacuum cleaner as claimed in Claim 15, wherein 

the sensor (94) is provided with a light source (96) 20 
and a detector (98). 

17. A method of operating a cyclonic vacuum cleaner 
having first and second cyclones (16,18) arranged 

in series, comprising the steps of:- 25 

a) admitting dirty air into the first cyclone (16); 

b) partially cleaning the dirty air in the first cy- 
clone (16) to produce partially filtered air; 30 

c) conducting the partially filtered air from the 
first cyclone (16) to the second cyclone (18); 

d) further cleaning the partially filtered air in the 35 
second cyclone ( 1 8) to produce further cleaned 

air; and 

e) exhausting the further cleaned air from the 
second cyclone (18), 40 

characterised in that, bled air is introduced to and 
combined with the partially filtered air before the en- 
try thereof into the second cyclone (18) in order to 
maintain the rate of the airflow within the second 45 
cyclone (18) and for reducing particulates in the fur- 
ther cleaned air. 



durch den Zyklon (18) gefuhrt wird, dadurch ge- 
kennzeichnet, daft unterhalb des Schmutzluft-Ein- 
lasses (12, 14) und oberhalb des Zyklons (18) we- 
nigstens ein Ablassventil (20) vorhanden ist, das 
dafur geeignet ist, abgelassene Luft in die Luft- 
strombahn einzufuhren, um diese mit der staubbe- 
ladenen Luft zu kombinieren und um die Stro- 
mungsgeschwindigkeit der staubbeladenen Luft in- 
nerhalb des Zyklons (18) zu erhalten, wobei das 
oder jedes der Ablassventile (20) wirksam werden, 
wenn bei der Benutzung entweder der Druck der 
langs der Luftstrombahn stromenden Luft auf oder 
unter einen festgelegten Wert fallt oder die Menge 
des Partikulatmaterials in der Luft am Auslaft fur 
saubere Luft oder in dessen Nahe einen festgeleg- 
ten Wert ubersteigt. 

2. Staubsauger nach Anspruch 1 , bei dem wenigstens 
ein Ablassventil (20) in der Wand der Luftstrombahn 
oberhalb des Zyklons (18) angeordnet ist. 

3. Staubsauger nach Anspruch 2, bei dem zwei Zyklo- 
ne (16, 18) hintereinander in der Luftstrombahn an- 
geordnet sind, wobei sich das Ablassventil oder die 
Ablassventile (20) zwischen den beiden Zyklonen 
(16, 18) befinden. 

4. Staubsauger nach einem der Anspruche 1 bis 3, bei 
dem eine Vielzahl von Ablassventil en (20) neben- 
einanderliegend vorhanden sind. 

5. Staubsauger nach Anspruch 4, bei dem die Ab- 
lassventile (20) im wesentlichen identisch sind. 

6. Staubsauger nach Anspruch 4 oder 5, bei dem drei 
Ablassventile (20) nebeneinanderliegend vorhan- 
den sind. 

7. Staubsauger nach einem der vorhergehenden An- 
spruche, bei dem das oder jedes Ablassventil (20) 
federbelastet ist. 

8. Staubsauger nach einem der vorhergehenden An- 
spruche, bei dem die wirksame Flache des Ab- 
lassventils (20) oder die wirksame Gesamtflache 
der Ablassventile (20) zwischen 120 mm 2 und 150 
mm 2 liegt. 



Patentanspriiche 

1. Staubsauger, der einen Schmutzluft-Einlafc (12, 14) 
aufweist, der mit einem AuslaR fur saubere Luft 
durch eine Luftstrombahn verbunden ist, wobei in 
der Luftstrombahn ein Zyklon (18) derartig ange- 
ordnet ist, daft bei der Benutzung staubbeladene 
Luft, die langs der Luftstrombahn vom Schmutzluft- 
EinlaB (12, 14)zum Auslaft fur saubere Luflstromt, 



9. Staubsauger nach Anspruch 8, bei dem die wirksa- 
50 me Flache des Ablassventils (20) oder die wirksa- 
me Gesamtflache der Ablassventile (20) im wesent- 
lichen 132 mm 2 betragt. 

10. Staubsauger nach einem der vorhergehenden An- 
55 spriiche, bei dem das oder jedes Ablassventil (20) 

eine Klappe (78) aufweist, die bewegt werden kann 
zwischen einer ersten Position, in der bei der Be- 
nutzung der Strom der abgelassenen Luft durch 
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das Ablassventil (20) beschrankt ist. und einer 
zweiten Position, in der bei der Benutzung der 
Strom der abgelassenen Luft durch das Ablassven- 
til (20) in einem geringeren Umfang beschrankt ist, 
als das der Fall ist, wenn sich die Klappe (78) in der 5 
ersten Position befindet. 

11. Staubsauger nach Anspruch 10, bei dem die Posi- 
tion der Klappe (78) durch ein Mittel reguliert wird, 
das auf den Druck des Luftstroms im Zyklon (18) 10 
anspricht. 

12. Staubsauger nach Anspruch 10, bei dem die Posi- 
tion der Klappe (78) durch ein Mittel (94) reguliert 
wird, das auf die Konzentration von Parti kulatstof- 15 
fen in der aus dem Zyklon (18) abgegebenen Luft 
anspricht. 

13. Staubsauger nach einem der vorhergehenden An- 
spruche, bei dem das Oder jedes Ablassventil (20) 20 
so konstruiert ist, daft es sich offnet, wenn der Druck 

in der Luftstrombahn gleich dem ist, der durch einen 
Luftstrom erzeugt wird, der einer effektiven Offnung 
zwischen 10 mm und 15 mm Durchmesseroderwe- 
niger equivalent ist. 25 

14. Staubsauger nach Anspruch 13, bei dem das Oder 
jedes Ablassventil (20) so konstruiert ist, dafi es 
sich offnet, wenn der Druck in der Luftstrombahn 
gleich dem ist, der durch einen Luftstrom erzeugt 30 
wird, der einer effektiven Offnung von 13 mm 
Durchmesser Oder weniger aquivalent ist. 

15. Staubsauger nach einem der Anspruche 1 bis 12, 

bei dem die Menge der Partikulatstoffe in der Luft 35 
am Auslafc fur saubere Luft Oder in dessen Nahe 
durch einen Sensor (94) bestimmt wird, der unter- 
halb des Zyklons (18) angeordnet ist. 

16. Staubsauger nach Anspruch 15, bei dem der Sen- *o 
sor (94) mit einer Lichtquelle (96) und einem Detek- 

tor (98) versehen ist. 

17. Verfahren zum Betreiben eines Zyklon-Staubsau- 
gers, der einen ersten und zweiten Zyklon (16, 18) 45 
hat, die in Reihe angeordnet sind, welches die fol- 
genden Schritte umfafct: 

a) Einlassen von schmutziger Luft in den ersten 
Zyklon (16); so 

b) teilweises Reinigen der schmutzigen Luft im 
ersten Zyklon (16), um teilweise gefilterte Luft 
zu erzeugen; 

55 

c) Weiterleiten der teilweise gefilterten Luft aus 
dem ersten Zyklon (16) in den zweiten Zyklon 
(18); 



d) weiteres Reinigen der teilweise gefilterten 
Luft im zweiten Zyklon (18), um weiter gereinig- 
te Luft zu erzeugen, und 

e) Abgeben der weiter gereinigten Luft aus dem 
zweiten Zyklon (18), 

dadurch gekennzeichnet, daft abgelassene 
Luft eingefuhrt und mit der teilweise gefilterten Luft 
kombiniert wird, bevor sie in den zweiten Zyklon 
(18) eintritt, um die Geschwindigkeit des Luftstroms 
innerhalb des zweiten Zyklons (18) aufrechtzuer- 
halten und um die Partikulatstoffe in der weiter ge- 
reinigten Luftzu verringern. 



Revendications 

1 . Aspirateur comprenant un orifice d'entree d'air sale 
(12, 14), communiquant avec un orifice de sortie 
d'air propre par I'intermediaire d'un passage 
d'ecoulement d'air, un cyclone (18) agence dans le 
passage d'ecoulement d'air, de sorte que I'air char- 
ge de poussieres s'ecoulant en service le long du 
passage d'ecoulement d'air, de I'orifice d'entree 
d'air sale (12, 14) vers I'orifice de sortie d'air propre, 
traverse le cyclone (18), caracterise en ce qu'au 
moins une soupape de purge (20) est agencee en 
aval de I'orifice d'entree d'air sale~(12, 14) et en 
amont du cyclone (18), destine a introduce de I'air 
purge dans le passage d'ecoulement d'air en vue 
d'une combinaison avec I'air charge de poussieres 
et de maintenir le debit d'ecoulement de I'air charge 
de poussieres dans le cyclone (18), la ou chaque 
soupape de purge (20) pouvant etre actionnee lors- 
que, pendant le fonctionnement, la pression de I'air 
s'ecoulant le long du passage d'ecoulement d'air 
tombe a un niveau predetermine ou a une valeur 
inferieure, ou si la quantitede matieres particulates 
dans I'air au niveau de I'orifice de sortie d'air propre 
ou pres de celui-ci depasse un niveau predetermi- 
ne. 

2. Aspirateur selon la revendication 1, dans lequel la 
ou la au moins une soupape de purge (20) est agen- 
cee dans la paroi du passage d'ecoulement d'air en 
amont du cyclone (18). 

3. Aspirateur selon la revendication 2, dans lequel 
deux cyclones (16, 18) sont agences sequentielle- 
ment dans le passage d'ecoulement d'air, la ou les 
soupape(s) de purge (20) etant agencee(s) entre 
les deux cyclones (16, 18). 

4. Aspirateur selon I'une quelconque des revendica- 
tions 1 a 3, dans lequel plusieurs soupapes de pur- 
ge (20) sont agencees les unes pres des autres. 
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5. Aspirateur selon la revendication 4, dans lequel les 
soupapes de purge (20) sont pratiquement identi- 
ques les unes aux autres. 

6. Aspirateur selon les revendications 4 ou 5, dans le- 
quel trois soupapes de purge (20) sont agencees 
les unes pres des autres. 

7. Aspirateur selon Tune quelconque des revendica- 
tions precedentes, dans lequel la ou chaque sou- 
pa pe de purge (20) est chargee par ressort. 

8. Aspirateur selon Tune quelconque des revendica- 
tions precedentes, dans lequel la surface utile de la 
soupape de purge (20) ou la surface utile totale des 
soupapes de purge (20) est comprise entre 120 
mm 2 et 150 mm 2 . 

9. Aspirateur selon la revendication 8, dans lequel la 
surface utile de la soupape de purge (20) ou la sur- 
face utile totale des soupapes de purge (20) corres- 
pond pratiquement a 132 mm 2 . 

10. Aspirateur selon Tune quelconque des revendica- 
tions precedentes, dans lequel la ou chaque sou- 
pape de purge (20) comprend une porte (78) pou- 
vant etre deplacee entre une premiere position, 
dans laquelle I'ecoulement d'air purge traversant la 
soupape de purge (20) est limite pendant le fonc- 
tionnement, et une deuxieme position, dans laquel- 
le I'ecoulement d'air purge traversant la soupape de 
purge (20) est limite d'une fagon moindre pendant 
le fonctionnement que lorsque la porte (78) se trou- 
ve dans la premiere position. 

11. Aspirateur selon la revendication 10, dans lequel la 
position de la porte (78) est reglee par un moyen 
repondant a la pression de I'ecoulement d'air dans 
le cyclone (18). 

12. Aspirateur selon la revendication 10, dans lequel la 
position de la porte (78) est controlee par un moyen 
(94) repondant a la concentration des matieres par- 
ticulates dans Pair evacue du cyclone (18). 

13. Aspirateur selon Tune quelconque des revendica- 
tions precedentes, dans lequel la ou chaque sou- 
pape de purge (20) est destinee a etre ouverte lors- 
que la pression dans le passage d'ecoulement d'air 
correspond a ceile produite par un ecoulement d'air 
equivalent a un orifice utile d'un diametre compris 
entre 10 mm et 15 mm ou moins. 

14. Aspirateur selon la revendication 13, dans lequel la 
ou chaque soupape de purge (20) est destinee a 
etre ouverte lorsque la pression dans le passage 
d'ecoulement d'air correspond a celle produite par 
un ecoulement d'air equivalent a un orifice utile d'un 



diametre de 13 mm ou moins. 

1 5. Aspirateur selon Tune quelconque des revendica- 
tions 1 a 1 2, dans lequel la quantite de matieres par- 
5 ticulaires dans I'air au niveau de I'orifice de sortie 
d'air propre ou pres de celui-ci est determinee par 
I'intermediaire d'un capteur (94) agence en aval du 
cyclone (18). 

10 16. Aspirateur selon la revendication 15, dans lequel le 
capteur (94) comporte une source de lumiere (96) 
et un detecteur (98). 

17. Precede d'actionnement d'un aspirateur a cyclone 
15 comportant des premier et deuxieme cyclones (16, 
18), agences en serie, comprenant les etapes ci- 
dessous: 

a) admission d'air sale dans le premier cyclone 
20 (16); 

b) nettoyage partiel de I'air sale dans le premier 
cyclone (1 6) pour produire de I'air partiellement 
filtre; 

25 

c) amenee de I'air partiellement filtre du premier 
cyclone (16) vers le deuxieme cyclone (18); 

d) nettoyage ulterieur de I'air partiellement filtre 
30 dans le deuxieme cyclone (18) pour produire 

de I'air ayant subi un nettoyage ulterieur; et 

e) evacuation de Tair ayant subi un nettoyage 
ulterieur du deuxieme cyclone (18); 

35 

caracterise en ce que de I'air purge est ad- 
mis et combine avec I'air partiellement filtre, avant 
I'entree de celui-ci dans le deuxieme cyclone (1 8) 
pour maintenir le debit d'ecoulement de I'air dans le 
40 deuxieme cyclone (18) et pour reduire les matieres 
particulates dans I'air ayant subi un nettoyage ul- 
terieur. 
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